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INTRODUCTION
Protein deficiencies suffered early In the life of an
experimental animal will result in both physiological and
behavioral abnormalities,

Wlnick (1970) reported that rat

pups subjected to a reduction of protein from birth until
weaning showed retarded rates of cell division and a reduc
tion of brain cell size as reflected by a reduced protein/
DNA ratio.

Since cell division in a rat's brain ceases on

the twentieth day following parturition, these deleterious
effects cannot be reduced by subsequent protein enrichment.
Thus, early malnutrition from parturition until day 21
Impedes hyperplasia and the animal does not recover.

Mal

nutrition later in life causes a reduction in cell size
(hypertrophy) from which the animal can recover as soon
as normal feeding is reinstated (Winick and Noble, 1966).
Thus, the physiological abnormalities caused by malnu
trition seem to be the most threatening during the prewean
ing period of a rat's life.

First, the preweanlng period

is critical from the standpoint of cellular abnormalities
produced by malnutrition.

Secondly, any attempt to reverse

these deleterious effects of undernutrition must occur dur
ing the preweanlng period.

To avoid these physiological

problems, any rehabilitative nutritional efforts must occur
before active cell division stops (Wlnick, Fish, and Rosso,

1
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1968; Culley and Llneberger, I9 68; Guthrie and Brown,
1968).
All work reported In the present study was done with
rats deprived of protein only during the 21 day suckling
period.

The dietary manipulation was made by feeding dams

a low protein (8% casein) diet.

This is in contrast to

other experimenters who undernourish their animals for
longer periods of time or who achieve the state of nutri
tion by Increasing litter size rather than manipulating the
dam's diet.

It Is believed that artificially large lit

ters produce malnutrition because the oups do not receive
enough milk for normal development.

Thus, undernutrition

can be produced In a myriad of different ways and It can
be Imposed for varying lengths of time.

It could be pos

sible that behaviors of malnourished animals will vary
according to these factors.

For this reason, the liter

ature reviewed In the following pages Involves rat pups
that were undernourished only during the suckling period
after which rehabilitative feeding occurred.
The second major physiological abnormality caused by
protein malnutrition early In life Is a drastic reduction
In body weight.

Deficient animals weigh significantly

less from birth onward than do their adequately fed coun
terparts (Cravens, 19?^; Morris, 197^? Chow and Lee, 196k;
Blackwell, Blackwell, Yu, Weng, and Chow, 1969).

This

growth stunting persists throughout the animal's adult
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3
life even though the nutritional manipulations are made
only during the preweanlng period.
Early protein malnutrition also produces locomotor
abnormalities that persist throughout later life.

Altman,

Sudarshan, Das, McCormick, and Barnes (1972) compared the
performances of deficient and normal animals on three
tasks.

The first task required the animals to hang and

move on a suspended horizontal string.

The second task

had them clinging to and descending vertical ropes.
the third task they had to climb up a rod.

For

In all instan

ces they found the malnourished animals to be Inferior to
normals as indicated by reduced frequency and speed in per
formance, the perslstance of infantile motor patterns, or
a delay in acquisition of more mature patterns.

In study

ing the swimming abilities of the two groups, Salas (1972)
found that swimming performance of deficients was delayed
2-3 days as compared to normals.

He rated animals on pos

ition of nose when in the water, and on appropriate pad
dling movements of the front legs.

The deficient animals

made fewer paddling responses, and did not keep their noses
out of the water as much as normal animals of the same age.
Thus the Innate locomotor behavior of swimming was delayed
in the deficient animals.
It can be concluded that physiological abnormalities
are definite, documented manifestations resulting from
early protein malnutrition.

Behavioral abnormalities per
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sisting throughout adult life have also "been noted In pro
tein deficient animals.

Very often these behavioral abnor

malities have been referred to as deficits In "general
learning ability".
The Eebb/Williams maze task Is a behavioral test
which Is often regarded as an Index of learning ability or
problem solving proweness.

In this test, the dependent

variables are the number of errors made In running the maze,
and the time necessary to complete the maze, that is, the
time it takes the animal to reach the goal box from the
start box.

Protein deficient rats characteristically make

more errors in this maze task and take longer to reach the
goal box than do normals (Cowley and Griesel, 1959* Zim
merman and Wells, 19?1).
Several other studies involving various behavioral
tests have contributed to the hypothesis that protein mal
nutrition causes an impairment of "general learning abil
ity",

Barnes, Cunnold, Zimmerman, Simmons, MacLeod, and

Krook (1966) found that deficients made more visual dis
crimination errors in a Y water maze and generally swam
the maze slower than did normals,

Simonson and Chow (1970)

concluded that deficients manifest a lack of efficient
learning.

They used an elevated multiple T maze with wa

ter as a reinforcer and found that deficients made signif
icantly more total errors than normals.

Additionally, the

a

deficients took longer to run the maze and were signlfi-
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cantly slower to leave the start box.

These deficient

animals also made greater errors during extinction where
they continued to run the maze minus the reward for sig
nificantly more trials than normals.

Although Glurlntano

(197*0 found no differences in the speed of maze swimming,
deficients made more errors and therefore had to retrace
the path more often than normal animals in a water maze
escape test.

His conclusion was that neonatal orotein

deficiencies Impair maze learning.
Thus, In previous years there has been a good deal
of support for the hypothesis that protein malnutrition
causes an Impairment of "general learning ability".

How

ever, the data generated by two recent studies are glar
ingly contradictory to this notion.

Slob, Snow, and de

Natrls Mathot (1973) found no differences between defic
ients and normals on the Hebb/Vllllams test and Thomp
son box visual discriminations.

The number of errors

made by the two groups did not differ significantly, and
It was reported that the malnourished animals ran the
Hebb/Wllllams maze faster than normals.

Cravens (197*0

reports no differences In performance In an escape from
water discrimination test.

Deficient and normal animals

performed comparably both on the original task and rever
sal learning.
It Is therefore apparent that explaining the behav
ioral abnormalities caused by malnutrition In'terms of an
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impairment of "general learning ability" is not adequate.
Such a global conclusion is by no means supported by re
cent experimentation.

Although several studies do report

impaired performances of protein malnourished animals on
maze learning and visual discrimination tasks, it is ques
tionable whether these tasks produce an accurate assess
ment of learning ability.

Most certainly they sample a

functional class of behaviors but conclusions about "gen
eral learning ability remain speculative.

Additionally,

one must confront the two studies that report no differ
ences between deficient and normal rats on learning tasks.
In any event, it appears that an explanation of the eff
ects of protein malnutrition in terms of a decrement in
"learning ability" is an inadequate generalization.

The

available data simply do not fit into such a model.
It remains, then, to examine the differences between
protein deficient and normal animals in terms of visible
behaviors without relying on such unobservable processes
as "learning abilities".
The exploratory behaviors of deficient and normal an
imals are a widely studied phenominon.

Generally these

studies are conducted in a large wooden "open field" box.
The bottom of the box is marked off into squares and the
number of squares the animal traverses in a predetermined
amount of time is taken to be an index of exploratory
behavior.

It has been reported that there are no diff
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erences between deficient and normal animals in open field
exploration (Cowley and Griesel, 1959; Mandler, 1958; Slob,
Snow, and de Natris Mathot, 1973).

Frankova and Barnes

(1968) found that rehabilitated deficients show no increase
in exploratory behaviors and that deficients scored less
on both horizontal and vertical (rearing) exploratory be
haviors ,
Zimmerman and Zimmerman (1972) performed a more el
aborate investigation of exploratory behaviors.

They

found no differences between deficients and normals in
open field exploration in the presence of familiar ob
jects.

However, when novel objects were placed in the box,

the deficients were less active than the controls.

Their

interpretation was that the deficient animals react more
emotionally to environmental stimulation.

Smart (197*0

also undertook a thorough study of exploratory behaviors.
He found that deficients were more active in terms of the
number of squares traversed and that they reared more
often.

He found no differences between the two groups

regarding the time to emerge from a familiar to an unfam
iliar area in the open field box or the promptness of
first contact with a novel object or frequency of con
tact.
Thus, the data regarding exploratory behaviors re
veal the same inconsistencies that plague the "general
learning ability experiments.
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There is, however, one line of malnutrition research
that produces consistent results.

Specifically, this line

of research deals with behavioral tests involving aversive stimuli.

Frankova and Barnes (1968) studied condi

tioned avoidance learning and found no difference in the
rate of acquisition of the conditioned response for the
two groups.

They used a tone as the conditioned stimu

lus (CS), shock as the unconditioned stimulus (UCS), and
a wire screen upon which the animal could Jump and cling
as the means of avoidance or escape.

They report that

their normally nourished animals either walked around the
chamber, groomed, or merely waited in a stationary T>osition before the onset of the CS.

On the other hand, the

deficient animals jumped on the screen spontaneously dur
ing this time period despite the absence of the CS and
UCS.

Moreover, the deficients also Jumped onto and clung

to the screen during the intertrial Interval.

The defi

cient animals thus engaged in persistent, stereotyped
Jumping regardless of environmental conditions.

These

malnourished animals also manifested increased anxiety as
demonstrated by rapid respiration, increased defecation,
and pllo erection.

These behaviors of malnourished ani

mals clearly indicate an Increased reactivity to the shock
contingency.
Following up on this idea, Levitsky and Barnes (1970)
directly tested the question of whether early malnutrition
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increases the emotional reactivity of the adult to averslve stimulation.

Their conclusion was affirmative first

ly because the deficients made a greater reaction to a
loud noise than did normals.

That is, after exposure to

a sharp loud noise, deficient animals remained in a sta
tionary frozen position longer than normals.

Secondly,

the malnourished animals made a significantly greater
passive avoidance response than did the controls, where
passive avoidance was defined as remaining on a small
platform elevated several inehes above a grid floor wired
for shock delivery.

Thirdly, the deficient rats had high

er bar press rates on a Sidman avoidance schedule than
did normal subjects.

The hypothesis proposed by Levitsky

and Barnes is that the behavioral abnormalities caused by
early protein malnutrition become markedly apparent when
the animals are placed in a moderately stressful situa
tion.

Specifically, the deficients seem to overreact to

various forms of aversive stimulation.
Morris (197*0 collected orltlcal data concerning the
effects of early malnutrition on one and two way avoidance
behaviors, using shock as the UCS.

He found that defic

ients and normals performed equally well on the one way
task.

His most interesting finding, though, was that

deficients were significantly superior to normals on the
two way shuttlebox avoidance.

That is, the deficients

acquired the avoidance response faster and made a greater

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ID
mean number of avoidance responses across sessions.

Mor

ris Interprets these results as support for a Response
Inhibition hypothesis.

That Is, the deficient animals

performed better on the two way shuttlebex test because
of an Inability to Inhibit responses.

Morris concluded

that the deficient animals- filled to develop a strong
passive avoidance tendency as a result of the Initial
shock experience.

Thus, these malnourished rats avoided

more quickly In the two compartment shuttlebox.
There is, however, a second possible explanation of
Morris' results.

The superior performance of the protein

deficient animals can be accounted for in terms of a
greater responsiveness (overreaction) to the shock contin
gency, rather than as a behavioral deficit In nasslve av
oidance.

Finally, the third plausible lnternretatlon for

Morris' findings Is that the undernourished animals show
ed facilitation of "general learning ability"

In view of

studies cited earlier (Cowley and Grlesel, 1959; Zimmer
man and Wells, 1971; Barnes, Cunnold, Zimmerman, Simmons,
MacLeod, and Krook, 1966j Simonson and Chow, 1970; Glurlntano, 197*0 . this last explanation seems totally unlik
ely.
Thus the data gathered from experiments using averslve stimulation consistently differentiate deficient and
normal animals on behavioral tasks.

In all cases, the

protein deficient animals make a greater reaction to forms
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of aversive stimulation.

However, Morris (197*0 has pro

posed a cognitive hypothesis to account for his results,
stating It as the Response Inhibition hypothesis.
The purpose of the present experiment was to compare
the passive avoidance behaviors of malnourished and nor
mal animals using a replica of Morris (197*+) two compart
ment shuttlebox paradigm.

This study will provide a dir

ect test of the Response Inhibition hypothesis versus the
hypothesis of behavioral overreaction to aversive stimuli.
If It Is the case, as Morris proposes, that malnourished
animals have a deficit In passive avoidance, then one
would predict shorter crossover latencies following shock
for the deficient animals.

If, on the other hand, the

truth Is that malnourished overreact to aversive stimu
lation, one would predict much longer passive avoidance
latencies for these animals.
The purpose of the first part of this research, de
signated as Experiment 1, was to compare the passive av
oidance behaviors of normal and malnourished rats.

Al

though tests of passive avoidance have previously been
undertaken, a shuttlebox paradigm has not yet been used
with malnourished animals.

If It Is Indeed the case that

the behavioral abnormalities caused by early malnutrition
Include overreactions to various forms of aversive stimu
lation, then the results of previous passive avoidance
studies should generalize to this novel paradigm, and the
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deficient animals should manifest longer latencies.

Using

the shuttlebox paradigm will also directly test Morris*
(197^) Hesponse Inhibition hypothesis.
The purpose of the other part of this Investigation,
Experiment 2, was twofold.

First, It provided a direct

replication of Experiment 1, using the same shuttlebox
apparatus for investigating passive avoidance behaviors.
The second purpose of Experiment 2 was concerned with the
actual behaviors of Individual subjects following escape
from shock.

It has been the author's subjective experi

ence that deficient and normal animals manifest different
forms of behavior following exposure to an aversive stim
ulus.

Thus, a time sampling procedure consisting of five

possible behavioral categories was In effect during the
time period that the animals were passively avoiding the
shock.

This enabled direct comparisons between deficient

and normal animals regarding percent of time suent en
gaging in various behaviors.

The Intent of the time

sample was to objectively describe gross behavioral dlffences between these two groups of animals.
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METHOD
Experiment 1
Subjects
Pregnant rats of the Sprague Dawley strain (Rattus
norvegicus) gave birth within our laboratories.

Dams and

litters were housed in plastic nursing cages measuring
45X2^X12 cm.
Immediately following parturition, litters were re
duced to eight pups and the dams were randomly assigned to
either a regular diet (Purina Lab Chow 23# casein) or a
low protein diet (Nutritional Bioehemicals Corporation
%% casein).
times.

Free access to water was permitted at all

Dams receiving the 8# protein diet continued on

this regime until day 21 following parturition at which
time they were once again given free access to the normal
diet.

All experimental animals were then maintained on a

normal ad lib diet for the duration of the experiment.
The pups were weaned at 25 days of age, and housed in
pairs in stainless steel cages measuring ^0X2^X17 cm.
Twenty four of these pups served as subjects in the
experiment.

Twelve of the animals (normals) were randomly

selected from the two litters which had been suckled from
dams maintained on the standard 23# casein diet.

The

13
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other twelve animals (deficients) were randomly selected
from the three litters which had been suckled from dams
maintained on the low orotein diet containing 8% casein
for the first 21 days following parturition.

Behavioral

testing began when the animals were eighty days of age.
At no time were the animals differentiated with regards
to sex.

That Is, no distinction was made between male

and female In either treatment or subject selection.

All

animals were tested within four days of each other.
Apparatus
The animals were tested in a shuttlebox (Lehigh Val
ley Electronics Model lb6ob) located In a quiet, diffusely
lit cubicle.

Illumination was provided by a small light

centered on the top of the chamber.

A wood partition

with a circular opening 8 cm. In diameter separated the
two sides of the shuttlebox.

The grid floor of the cham

ber was wired to deliver a .2 ma. programmable shock via
a shock scrambling device (Grayson Stadler Shock Genera
tor E106*JGS).

All experimental events were controlled

by electromechanical equipment located In an adjacent
section of the laboratory.
Procedure
The behavioral test consisted of a one trial passive
avoidance session for each animal.

A session began by
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placing the subject in the left hand side of the shuttle
box and simultaneously turning on the housellght.

A five

minute period following the start of the session was free
exploration time for the subject.

The animal could ex

plore the shuttlebox, cross back and forth between the
two sides of the chamber, or engage In any other behaviors.
The number of crossovers between the two sides of the
shuttlebox was automatically recorded for each animal.
At the end of the five minute period, a .2 ma. shock
was delivered through the grid floor of the side of the
shuttlebox containing the rat.

The shock was programmed

to continue until the animal made an escape response.
An escape response was defined as completely moving through
the circular opening In the wooden partition to the oth
er side of the shuttlebox.

The latency between escape

from and reentry Into the "shock side" of the shuttlebox
was recorded.

That Is, the latency measure began when the

escape response was made and ended when the animal cross
ed back over to the side of the chamber where previously
shocked.

The latency period had an experimenter determin

ed celling of ten minutes.
Experiment 2
Subjects
The nutritional manipulations and litter conditions
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were identical to those described in Experiment 1.
Sixteen animals served as subjects in this experi
ment,

Eight of the rats were randomly selected from two

litters suckled from dams receiving a normal 23# casein
diet (normals).

The remaining eight animals were random

ly chosen from two litters which had been suekled from
dams maintained on an 8# casein diet until day 21 follow
ing parturition (deficients).

There was no sex discrim

ination in subject selection.
All pups were weaned at 25 days of age.

Stainless

steel individual rat cages measuring 20X2^X17 em. housed
all subjects.

Behavioral testing began when the animals

were 120 days old.

All animals were run within the same

seven day period.
Apparatus
The experimental apparatus was identical to that
described in Experiment 1,
Procedure
The behavioral passive avoidance procedure described
in Experiment 1 was replicated.
variable measures were taken.

The two same dependent
The first was the number

of crossovers between the two sides of the shuttlebox
made during the initial five minutes of "free exploration
time".

The second was the latency between escape from
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and reentry Into the side of the shuttlebox that the ani
mal had been shocked In.
Additionally, a modified time sampling method pro
posed by Blndra and Blond (1958) was used for recording
the occurrence of separate aspects of the animal's behav
ior,

The time sample data was taken from the instant the

animal made an escape response until it reentered the
“shock side of the shuttlebox.

Essentially, the procedure

consisted of recording the exact nature of the rat's be
havior at the beginning of each five second interval.
Thus, twelve entries were made for each animal (P,G,G,M,
W, etc.) every minute.

The possible response categories

were defined as follows*
P

FREEZING* rat is rigidly motionless or
slightly trembling, in a hunched or prone
position* eyes are open.

W

WALKING* rat moves or walks or shifts posi
tion in such a way as to Involve all four
limbs* implies definite movement through the
chamber.

G

GROOMING* rat cleans or scratches or licks
any part of its body while remaining sta
tionary in any part of the cage.

HL

HIND LEGS* rat stands on its hind legs and
sniffs the air or any part of the cage*
full upward extension of the body from the
hind legs* rearing.

M

MOTION* rat moves head and shoulders or
front feet only, characteristically "look
ing around" the cage but with no definite
forward or upward movement.

As the above mentioned response categories are not
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mutually exclusive, a precedence helrarchy was determined
for Instances when two responses occurred simultaneously.
For example, the animal may groom while rearing on Its
hind legs.

The order of the helrarchy was that In which

the response categories are defined above.

That Is, if

the subject Is grooming while rearing, the response was
recorded as an Instance of grooming.
Three separate reliability cheeks were taken on the
time sampling procedure.

These consisted of having a

second Independent observer concurrently recording res
ponses every five seconds along with the experimenter.
The number of responses in agreement was divided by the
total number of responses to give the overall percent of
agreement.
The time sampling data made possible comparisons
between deficients and normals regarding percent of time
spent engaging In the various behaviors described above.
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RESULTS
The effects of protein malnutrition on body weights
were quite severe as can be seen In Figures 1 and 2.

Not

only were the deficient animals stunted In srrowth durlnv
early weeks of life as compared to normals, but they still
weighed less at adulthood.

The growth curves for males and

females are functionally, yet not quantitatively similar.
Experiment 1
There were no differences between deficients and nor
mals regarding the number of crossovers made during the
initial five minutes of exploration time.

The mean num

ber of crossovers were 15.6 and 1 5 .5 for deficient and
normal animals, respectively.

Data for Individual animals

are displayed In Table 1.
Significant differences (Mann Whitney U, U*=125#
2=3 *06 , p < . 00)ln latencies between escape from and re
entry Into the shock side of the shuttlebox were found for
the two groups.

The mean latency for the deficients was

^09*75 seconds and 96.25 seconds for the normals.

Data

for Individual subjects are presented In Figure 3.

It is

Interesting to note that five of the deficient animals
achieved the experimenter determined maximum latency of
ten minutes.

That Is, they never reentered the side of

the shuttlebox where they had been shocked.
19
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Figure 1.

Weekly mean body weights In grams of female
animals. Data from 'both Experiment 1 and
Experiment 2 are included.
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Figure 2.

Weekly mean body weights in grams of male
animals. Data from both Experiment 1 and
Experiment 2 are included.
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TABLE 1
Mean Number of Crossovers Between the two Sides of the
Shuttlebox During the First Five Minutes of a Session

EXPERIMENT 1
Normals

EXPERIMENT 2

Deficients

Normals

7

5

11

13

9

7

-23

24

2

7

22

13

5

7

10

19

17

9

10

17

8

2

21

15

11

11

13

14

10

7

20

9

10

16

9
20

19
22

X=15.6

X=15.5

14

X=8.3

Deficients

X=7.7
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eoon

500r

seconds

400+1

300t

20Of|

100f|

deficients
Figure 3.

normals

Latency between shock escape and the first
subsequent crossover response. Each bar
represents a single subject from Experiment
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exception, all of the normal animals made the reentry
within the allotted amount of time.
The Mann Whitney U test (Sigel, 1956) was used for
statistical analysis because of the experimenter deter
mined maximum latency of 600 seconds.

This celling nro-

duced non-normal score distributions.
Experiment 2
Again, no differences between the two groups were
found concerning the number of crossovers made during the
Initial five minutes of a trial.

The mean number of cross

overs for the deficients and normals were ?.? and 8,3,
respectively.

Individual raw data can be seen in Table 1.

Significant latency differences were found once more
for the two groups (Mann Whitney U, U'=50, 2=2.019,
p<.05).

The mean latency for the deficients was 525*5

seconds, and for the normals, 302.75 seconds.

Data for

each individual subject are depicted in Figure

Six

of the deficient animals failed to reenter the shocfr side
of the shuttlebox within the allowed ten minutes.

The

latency data for the normal animals was highly variable,
however, with three animals having extremely short laten
cies, and two animals having the maximum latency.
The time sample data allowed calculation of percent
of time samples that deficient and normal animals spent
engaging in each of the five possible behavioral cate-
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600t

P 300
*

deficients
Figure

normals

Latency between shock escape and first
subsequent crossover response. Each bar
represents a single subject from Experiment
2*
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gorles.

These data sre presented for individual subjects

in Table 2.

The means for the five behaviors were compu

ted for both groups and are graphically shown in Figure
5.
A significant difference was found for the motion
category (F=8,^5» df=l, p<*05).

That is, deficient

animals moved significantly less after escaping shock.
Differences between the malnourished and normal animals
in the other behavioral categories were not great enough
to reach statistical significance.

However, a close in

spection of Figure 5 reveals that the deficient animals
spent a greater amount of time frozen than did the nor
mals*

It is also Interesting to note that not a single

normal animal was sampled grooming during the latency
period.

Finally, the two groups were not differentiated

clearly in the walking or rearing categories.
Three reliability checks were rur on separate days
and the percent of interobserver reliability for these
sessions was 90%, 95^» and 85^.
Factorial Design
As an afterthought, the data from both experiments
were put together in an attempt to determine if the age
of the animals at the time of testing had a consistent
effect on behavior.
Experiments 1 and 2 were combined faetorially to
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TABLE 2
Percent of Time-Samplings Deficient and Normal Animals
Engaged In each of the Five Possible Behavioral
Categories During the Latency Period

NORMAL ANIMALS

Mean^=

Frozen

Motion

30.3

*>8.7

^3.1

Walking

Grooming

Rearing

15.8

0

5.3

51.7

5.2

0

0

32.5

55.9

2.5

0

9.1

61.9

29.3

8.7

0

0

51.7

W.7

1.7

0

0

^3.9

'b6 A

6.8

0

2.9

Grooming

Rearing

DEFICIENT ANIMALS

MeanjCs

Frozen

Motion

Walking

*3.3

33.3

1.7

89.2

10,8

82.5

17.5

85.0

1*>.2

.8

2 5 .0

*2.5

65.8

21.7

0

0

0

0

0

0

0

0

0

11.7

9.2

11.7

26.7

.8

6.7

0

32.3

39.8

10.7

15.1

60. W*

2 6 .*

3.67

7.53

2.2
2,5
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’
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‘
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£
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o
E

c

30%*

20% *

0
o

s

10% *

frozen
Figure 5.

motion

walk

groom

rear

Mean percent of time samplings malnourished
and normal animals spent engaging in each
of the five possible behavioral categories.
Data were taken during the latency periods
in Experiment 2.
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to facilitate a more sophisticated analysis of the cross
over data.

Factor A was the age of the animals when test

ed with the two levels being 80 days (Experiment 1) and
120 days (Experiment 2).

Factor B also had two levels*

protein deficient or normal.
for age was found (F=25.l8,

A significant main effect
dfsrl,

o<.01).

The diet fac

tor failed to reach significance (F=.02, df*l, o<,89).
These results indicate that the age of the animal at the
time of testing was responsible for the quantitative diff
erences between Experiments 1 and 2.

The younger ani

mals, regardless of nutritional status, were more active
during the five minute period of free exploration time.
The mean number of crossovers for the younger animals
(80 days) was 15*58 as compared to a mean of 8.00 for the
animals that were 120 days of age at the time of testing.
The latency data from Experiments 1 and 2 were also
combined to form a 2X2 factorial design.

Nutritional

states (protein deficient or normal) was Factor A, and
the age of the rats when tested was Factor B (80 or 120
days).

A significant main effect for age differences was

found (F=6.38, df=l, p<.05)*

That is, the animals that

were 80 days at the time of testing had significantly
shorter latencies than rats that were 120 days of age.
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DISCUSSION
The present study demonstrated that protein deficient
animals make a significantly greater passive avoidance
response than did normals.

In both Experiment 1 and Ex

periment 2, latency between escape from ahock and reentry
Into the shock side of the shuttlebox was significantly
longer (p<.05) for the deficient animals.

These results,

using a two compartment shuttlebox, provide conclusive
evidence of the generalization of Levitsky and Barnes'
<I97O) experiment dealing with passive avoidance, In which
deficient animals made a significantly longer passive av
oidance response. Their experimental apparatus consisted
of a single chamber with a wired grid floor and a small
platform upon which the animal could perch and thus avoid
shock.

This apparatus is quite different from the shuttle

box paradigm used in the present study.

The similarity

of results, however, of the two studies suggests strong
generalization of the passive avoidance differences be
tween malnourished and normal animals.

The present study accomplished very little concerning
the contradictions In the literature dealing with explor
atory behaviors.

The Initial five minutes of “free explor

ation time" served as an Index of the exploratory and loco
motor behaviors of the animals.

Although previous exper

iments have related both Increases and decreases In the
30
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exploratory behaviors of deficients as compared to nor
mals, the present study found no differences.

The number

of crossovers between the two compartments of the shuttle
box before the shock was delivered was almost Identical
for both groups In both Experiments 1 and 2.
An interesting finding was the quantitative differ
ence In the number of crossovers from Experiment 1 to
Experiment 2.

In Experiment 1, malnourished and normal

animals had an average of 15*5 and 15*6 crossovers, res
pectively, during the Initial five minutes of exploration
time.

In Experiment 2, the normal rats made an average of

8.3 crossovers, and the deficients had a mean of 7.7.
There was no apparent methodological explanation for this
discrepency.

However, the animals In Experiment 1 were

tested at 80 days of age while the subjects in Experi
ment 2 were 120 days old at the time of testing.

Perhaps

this difference In the number of crossovers for the two
Experiments was oaused by the age of the animals at the
time of testing.

The younger animals were definitely more

active regardless of their nutritional status.
The data from Experiments 1 and 2 were combined factorlally to test this hypothesis.
effect for age was found.

A significant main

That is, the animals that were

tested at 80 days of age were more active regardless of
their nutritional status.
The age differences of subjects for the two Exper-
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Iments might also account for the quantitative differ
ences In the latency data.

In Experiment 2, all animals

generally had longer latencies between escape from and
reentry Into the shock side of the shuttlebox than the
subjects In Experiment 1.

Although the latency data

reached statistical significance In both Experiments,
these quantitative dissimilarities exist.
Combining the latency data from Experiments 1 and 2
Into a 2X2 factorial design produced a significant main
effect for age.

The animals that were 120 days old at the

time of testing had longer passive avoidance latencies
regardless of their dietary treatment.

However, one must

remember that these older animals were less active In
terms of the number of crossovers made during the Initial
five minutes.

It may be that older animals are less

active on any behavioral task than are younger animals.
In any event, the factorial analysis demonstrated that
the quantitative differences In the data between Exper
iments 1 and 2 were caused by the age differences In the
subjects.
The time sampling procedure of Experiment 2 signif
icantly differentiated deficients and normals only In the
motion category.

The normal animals moved about more than

the deficients during the period of time between escape
from shock and reentry Into the shock side of the shuttle
box.

However, It Is critically Important to note that
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the deficient animals spent more time frozen than did
normals.

An additional point worth noting is that not a

single normally nourished animal groomed during the lat
ency period.

Thus, it can be concluded from these data

that, on a purely descriptive behavioral level, protein
deficient and normal rats are different.

It is the task

of future research to specifically delineate these diff
erences.
Support for Morris (197*0 Response Inhibition hyp
othesis was not evidenced.

Morris proposed this hypoth

esis to account for his finding that deficient rats were
superior to normals on a two way shuttlebox avoidance
task.

His hypothesis states that protein deficient

animals would manifest a deficit in passive avoidance,
and would therefore predict better performances by def
icient animals in an active avoidance paradigm such as
the two compartment shuttlebox avoidance which he used.
At this point it is Important to understand the be
havioral differences assocoated with active and passive
avoidance paradigms.

An active avoidance task requires

the animal to physically Initiate bodily movement of some
form to escape or avoid the aversive stimulus.

Examples

of active avoidance are shuttlebox avoidance tests, Jump
ing onto a screen to escape a wired grid floor, or" Jump
ing onto a platform to escape the aversive stimulus.

A

passive avoidance paradigm, on the other hand, requires
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the animal to inhibit or refrain from making some physi
cal movement for successful avoidance.

Two examples of

passive avoidance are perching on a platform above sun elec
trified grid floor, or remaining in one side of a. two
compartment shuttlebox while shock is delivered to the
other side.
Translated into the terms of the present investiga
tions, the Response Inhibition hypothesis would have pre
dicted shorter latencies for the malnourished animals.
According to this hypothesis, protein deficient animals
have a deficit in passive avoidance, and thus would make
a lesser magnitude passive avoidance response than nor
mal rats.

This clearly was-not the case.

In both Ex

periments 1 and 2, the malnourished animals had signifi
cantly longer latencies than normal rats.

Clearly it

cannot be stated from the data of the present experiments
that deficient animals had a deficit of passive avoidance.
Morris' results are better explained in terms of an
increased reactivity to the shock contingency.

His def

icients were superior to normals on the shuttlebox av
oidance task, not because of a deficit in passive avoid
ance or an increase in general learning ability, but be
cause of an overreaction to shock.

This overreaction was

manifested as faster active avoidance.
Thus, the present experiments support previous con
clusions which hold that one of the most prominent behav-
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loral abnormalities resulting from early protein malnu
trition Is an increased reaction to aversive stimulation.
In the present research, the Increased reaction was
manifested as longer passive avoidance latencies made
by protein malnourished animals In response to electric
shock.

However, previous studies have demonstrated this

Increased reactivity In several different ways.

Levit

sky and Barnes (19?0) found that their deficient animals
responded faster than normals on Sldman avoidance, and
also startled more to a loud noise.

Both of these Instan

ces can easily be Interpreted an an overreaction to an
aversive event.
The subjective observations of Prankova and Barnes
(1968) provide yet more support for this Idea.

As was

previously mentioned, they found zero differences between
deficients and normals In their rates of conditioned av
oidance learning.

However, their deficient animals con

tinued to make spontaneous avoidance responses during the
Intertrial Interval, despite the absence of the CS and
UCS.

Their malnourished animals thus engaged in persis

tent, stereotyped Jumping regardless of environmental
conditions.

These behaviors of malnourished animals

clearly indicate an Increased reactivity to the shock
contingency.
Thus, the idea that early protein malnutrition re
sults in an Increased responsiveness to aversive stim-
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ulation is supported by the data presented here.

It would

be naive to suppose that this oarticular behavioral ab
normality is the sole manifestation of malnutrition.

It

is, however, an abnormality that has been consistently
documented and is therefore a target for more sophisti
cated research dealing with the behavioral effects assoc
iated with preweaning protein malnutrition.
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